DIFFERENTIAL APPARATUS 



BACKGROUND OF THE INVENTION 

5 The present invention relates to a differential 

apparatus for vehicles, and in particular, to a joining 
structure for an output shaft, which outputs ' torque produced 
by a driving source, and a differential case. 

10 A differential apparatus for vehicles transmits torque 

produced by an engine to left and right axle shafts (wheel 
drive shafts) , which respectively transmit the torque to 
left and right drive wheels. A conventional differential 
apparatus is disclosed, for example, in Japanese Laid-Open 

15 Patent Publication No, 9-229162. The conventional 

differential apparatus includes a gear case and a ring gear 
that are integrally formed from the same material. Such an 
integral structure eliminates the need for assembling the 
gear case and the ring gear. This improves productivity of 

20 the differential apparatus and prevents noise and 

vibrations, which are produced when the axis of the gear 
case is misaligned from the axis of the teeth in the ring 
gear . 

25 Fig. 2 illustrates a differential apparatus 100 that 

transmits torque produced by a motor to left and right axle 
shafts. The differential apparatus 100 transmits torque 
produced by the motor 150, which includes a stator core 152 
and a rotor core 154, to a left axle shaft 102 and a right 

30 axle shaft 104 while causing a rotational difference between 
the left axle shaft 102 and the right axle shaft 104. In 
more detail, the differential apparatus 100 includes a pair 
of side gears 106, each of which is arranged at one end of 
either the left axle shaft 102 or the right axle shaft 104. 

35 A pair of differential pinions 108 and a pinion shaft 110 



are meshed with the pair of side gears 106 to automatically 
generate a rotational difference. The pinion shaft 110 
extends through a gear case 112. With this structure, torque 
of a motor output shaft 156 is transmitted to the left axle 
5 shaft 102 and the right axle shaft 104. The differential 
apparatus 100 does not need to have a ring gear for 
transmitting torque from the motor output shaft 156 to the 
gear case 112. Therefore, the gear case 112 does not have to 
be assembled with a ring gear, and there are no problems 
10 caused by the assembled gear case 112 and ring gear. 

One end of the motor output shaft 156 is inserted in 
the gear case 112 so that internal splines 114 formed around 
the outer surface of the motor output shaft 156 and external 

15 splines 116 formed around the inner surface of the gear case 
112 are engaged with one another. This means that the gear 
case 112, which is joined with the motor output shaft 156 by 
the internal and external splines 114 and 116, must be 
positioned at the same time as when the motor output shaft 

20 156 is positioned. Moreover, when the machining accuracy of 
the internal and external splines 114 and 116 is not 
sufficient, the axis of the motor output shaft 156 and the 
axis of the gear case 112 may not be aligned with each 
other. This may produce noise and vibrations. 

25 

Further, the internal splines 114 and the external 
splines 116 occupy space in the axial direction of the motor 
150 (see dimension H) . This restricts the maximum size of 
the mountable motor 150. 

30 

SUMMARY OF THE INVENTION 



It is an object of the present invention to provide a 
differential apparatus that involves a reduced number of 
35 assembly operations, prevents noise and vibrations, and 

2 



accommodates a larger motor. 



To achieve the above object, the present invention 
provides a differential apparatus for transmitting torque 
5 from an output shaft of a driving source to two axle shafts 
while producing a rotational difference between the two axle 
shafts. The differential apparatus includes a differential 
case coaxially and integrally joined with the output shaft. 

10 A further aspect of the present invention is a 

differential apparatus, arranged between two axle shafts, 
for rotating the two axle shafts at different speeds or at 
the same speed. The differential apparatus includes 
differential gears for connecting the two axle shafts to 

15 each other, an output shaft member having a differential 

case portion for accommodating the differential gears and an 
output shaft portion integrally formed with the differential 
case portion from the same material, and a driving source 
that supplies the output shaft member with torque. 

20 

Other aspects and advantages of the present invention 
will become apparent from the following description, taken 
in conjunction with the accompanying drawings, illustrating 
by way of example the principles of the invention . 

25 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention, together with objects and advantages 
thereof, may best be understood by reference to the 
30 following description of the presently preferred embodiments 
together with the accompanying drawings in which: 

Fig. 1 is a cross-sectional diagram of a differential 
apparatus according to a preferred embodiment of the present 
. invention; and 

35 Fig. 2 is a cross-sectional diagram of a conventional 

3 



differential apparatus . 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

5 Fig. 1 is a cross-sectional diagram of a differential 

apparatus 10 according to a preferred embodiment of the 
present invention . 

The differential apparatus 10 is mounted, for example, 
10 on a battery-operated forklift and transmits torque produced 
by a motor 50 to a left axle shaft 12 and a right axle shaft 
14. The left axle shaft 12 and the right axle shaft 14 are 
connected to a left front wheel and a right front wheel of 
the forklift, respectively. The differential apparatus 10 
15 absorbs the rotational difference produced between the left 
and right wheels when the forklift turns. 

The motor 50 is, for example, a three-phase induction 
motor that produces torque when energized. The motor 50 

20 includes a stator, a rotor, and a cylindrical motor case 55. 
The stator produces a rotating magnetic field and includes a 
stator coil 51 and a stator core 52. The rotor, through 
which secondary current is conducted, includes a rotor 
conductor 53 and a rotor core 54. The motor case 55 

25 accommodates the stator and the rotor. Torque produced by 
the motor 50 is output by a cylindrical motor output shaft 
portion 56. The right axle shaft 14 rotatably extends 
through the motor output shaft portion 56. 

30 A side gear 16 is arranged on one end of each of the 

left axle shaft 12 and the right axle shaft 14. A pair of 
upper and lower differential pinions 18 meshes with the pair 
of side gears 16. A pinion shaft 20, to which the 
differential pinions 18 are fixed, rotates to generate a 

35 rotational difference. The pinion shaft 20 extends through a 
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gear case portion 22. The torque of the motor output shaft 
portion 56 is transmitted to the left axle shaft 12 and the 
right axle shaft 14 by the gear case portion 22. 

5 The following describes a mechanism for generating the 

rotational difference with the differential apparatus 10 in 
detail. When the upper and lower differential pinions 18 are 
not rotating, the torque of the motor output shaft portion 
56 is transmitted to the left axle shaft 12 and the right 

10 axle shaft 14 by the side gears 16, the differential pinions 
18, and the pinion shaft 20. This rotates the axle shafts 12 
and 14 at the same speed and the same direction as the motor 
output shaft portion 56. When the differential pinions 18 
are rotated in one direction, the left axle shaft 12 and the 

15 right axle shaft 14 rotate in opposite directions relative 

to each other. In this case, as a whole, in the differential 
apparatus 10, the torque of the motor output shaft portion 
56 is transmitted to the left axle shaft 12 and the right 
axle shaft 14 by the side gears 16, the differential pinions 

20 18, and the pinion shaft 20 so as to cause the axle shafts 
12 and 14 to rotate at a different speed but in the same 
direction as the motor output shaft portion 56. In this 
manner, the differential apparatus 10 generates a rotational 
difference corresponding to a torque difference between the 

25 left and right wheels acting on the left axle shaft 12 and 
the right axle shaft 14. 

The motor output shaft portion 56 and the gear case 
portion 22 of the differential apparatus 10 are integrally 

30 cast with each other to form a single output shaft member. 
Such an integral structure eliminates the need for joining 
the motor output shaft 156 and the gear case 112 with the 
splines 114 and 116 as in the prior art example of Fig. 2. 
Further, the need for machining and connecting the joining 

35 portions of the motor output shaft 156 and the gear case 112 
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is eliminated. This reduces the manufacturing cost of the 
differential apparatus 10. The motor output shaft portion 56 
and the gear case portion 22 are made of a material that may 
be cast, such as cast iron, and preferably, cast iron 
5 material having high ductility and High mechanical strength, 
such as ductile cast iron (FCD) . 

The output shaft member having the motor output shaft 
portion 56 and the gear case portion 22 is supported in a 

10 smoothly rotatable manner by two bearings 30a and 30b. The 
bearing 30a is arranged adjacent to the gear case portion 
22, and the bearing 30b is arranged on one end of the motor 
output shaft portion 56. The motor output shaft portion 56 
and the gear case portion 22 are integrally cast with each 

15 other so that their axes are aligned with each other. 

Accordingly, the laborious process of aligning the rotation 
axes of the motor output shaft portion 56 and the gear case 
portion 22 with each other is not required when the output 
shaft member is attached to the bearings 30a and 30b. 

20 Further, the motor output shaft portion 56 and the gear case 
portion 22 remain coaxial even when the motor 50 generates 
high speed rotation. Thus, noise, vibrations, or frictional 
heat that would otherwise be caused by the motor output 
shaft portion 56, the gear case portion 22, and the bearings 

25 30a and 30b are not produced. 

In the prior art example of Fig. 2, however, the 
rotation axis of the motor output shaft 156 and the rotation 
axis of the gear case 112 need to be precisely aligned with 

30 each other when the motor output shaft 156 and the gear case 
112 are attached to two bearings. Without the precise 
alignment, the axes of the motor output shaft 156 and the 
gear case 112 may be misaligned from each other. This would 
produce noise, vibration, or frictional heat between the 

35 motor output shaft 156, the gear case 112 and the two 



bearings when the motor 150 generates high speed rotation. 

The differential apparatus 10 does not require the 
splines 114 and 116 to be formed. Thus, there is no spatial 
5 limitation in the axial direction of the motor in relation 
with dimension H in Fig. 2. This enables the size of the 
motor 50 to be increased compared with the prior art example 
of Fig. 2. As a result, a larger space may be provided for 
the stator coil 51 to increase the output of the motor 50. 

10 

It should be apparent to those skilled in the art that 
the present invention may be embodied in many other specific 
forms without departing from the spirit or scope of the 
invention. Particularly, it should be understood that the 
15 present invention may be embodied in the following forms. 

Although the above embodiment describes an example in 
which the motor output shaft portion 56 and the gear case 
portion 22 are cast integrally with each other, the present 

20 invention is not limited to such a structure- For example, 
the motor output shaft portion 56 and the gear case portion 
22 may be manufactured separately, and then integrally 
joined with each other through welding or the like with 
their rotation axes being aligned with each other. In other 

25 words, it is only required that a single integral member be 
used to function as the motor output shaft portion 56 and 
the gear case portion 22 . 

Although the above embodiment describes an example in 
30 which the motor output shaft portion 56 and the motor 50 are 
directly connected to each other, the present invention is 
not limited to such a structure. For example, the present 
invention is applicable to a case in which one or more 
transmission gears are provided between the motor 50 and the 
35 motor output shaft portion 56. 
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The power source that produces torque for rotating the 
axle shafts may be a gasoline engine or a diesel engine 
instead of the motor 50. 

Although the present invention is applied to the 
differential apparatus 10, which is used for a front-wheel 
drive battery-operated forklift in the preferred embodiment, 
the present invention is not limited to such a structure - 
For example, the present invention may be applied to a 
differential apparatus used in a rear-wheel drive vehicle, 
such as another type of an industrial vehicle or an 
automobile . 

The present examples and embodiments are to be 
considered as illustrative and not restrictive, and the 
invention is not to be limited to the details given herein, 
but may be modified within the scope and equivalence of the 
appended claims . 
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